Rocket is traditionally cultivated in soil and commercialized either as fresh or as ready-to-eat produce. This leafy vegetable is often commercialized fresh, cut, washed, conditioned in packages as ready-to-eat food, giving added-value to the fresh products. Soilless culture system (SCS) allows to control growth factors and clean leaf production, easing and shortening postharvest handling in process industries. A comparison between the traditional culture system (TCS) and a SCS was effected, with two plant densities (1067 and 2134 plants/m 2 ). TCS was simulated in polystyrene trays filled with local soil and peat (1:1 v/v), overhead irrigation and weekly fertilization. For SCS 40-cell trays were filled with 1:1 perlite and peat, seeded and floated in a nutrient solution during plant growth. Fresh leaf production was significantly influenced by culture system x plant density. Rocket grown with SCS produced about 75% more than plants grown with TCS. The plants grown in SCS with the highest plant density gave the greatest production (2182 g m -2 ). Nitrate leaf content was significantly influenced by the culture systems. The leaves of plants grown with TCS contained less NO 3 -than those grown with SCS, in a ratio of 1:1.6. With both culture systems the nitrate content was much lower than 2500 mg kg -1 f.w., which is the maximum content allowed by EU regulation for lettuce. In this experiment SCS allowed to enhance earliness: in fact, SCS produced marketable and ready-to-eat rocket in 70 days, while TCS would require extended growing period.
INTRODUCTION
During the last decade fresh-cut vegetables have strongly increased their market all over Europe. Fresh-cut produce includes fresh vegetables, which present a high added-value because they are previously washed and cut, packaged and sealed in plastic containers, and marketed as ready-to-eat or ready-to-cook products. Recently, Italian consumers have emphasized the need for higher quality and tastier ready-to-eat vegetables. The revaluation of the Mediterranean diet and the development of the consumption of ready-to-eat vegetables led to the expansion of fresh herb market. Rocket is a popular leafy vegetable in Mediterranean countries and for the spicy hot taste of its leaves is mainly used to garnish and to flavour salads and a large variety of meals. As a consequence of the growing interest of consumers and producers, rocket crop production has increased, and soilless cultivation systems have been tested (Bianco, 1995; Hoeberechts et al., 2002; Nicola et al., 2003; Pimpini and Enzo, 1997a) .
Protected cultivation is nowadays shifting from Traditional Culture System (TCS) in soil to Soilless Culture System (SCS), based on growing media and fertigation system. The goals of this change are to obtain higher qualitative and quantitative yields, to standardize cultural techniques and to reduce both production costs and environmental impact. SCS represents a valid alternative to traditional cultivation techniques due to the full control of the inputs that it provides and it is a good technique to grow rocket offering guarantees of quality to the market. SCS allows to produce clean material at harvest, and consequently to reduce many washing treatments. In addition, the short growing cycle of the greenhouse-grown vegetables reduces chances of parasite attacks and disease spread throughout the crop, and using mineral and sterile media with a low environmental impact may be an alternative to the practice of soil disinfection.
Optimizing all the food chain production is necessary to obtain the best 'raw material' for the ready-to-eat sector. The SCS well meet part of this goal, since it requires special 550 attention to all the environmental factors involved (light, air temperature, soil humidity, fertilizers, etc.) to allow high quality growth and timing of production. Among the factors that affect root growth and, consequently, shoot growth, nutrient solution, moisture and water content of the growing medium play an important role, and are particularly determined by the irrigation system used during production. Traditional irrigation systems include Overhead (OH) and Ebb-and-Flow (EF) irrigation, to which fertilizers are supplied in the water. OH irrigation system does not assure a uniform water flow throughout the medium and can induce drought stress to the roots, particularly during hot seasons (Nicola and Cantliffe, 1996a) . The EF system may allow 50 to 60% reduction of pesticide use, 85% reduction of water use, 50% reduction of fertilizer use, elimination of groundwater contamination, and rare occurrence of foliar and soil-borne diseases (Thomas, 1993) . Some authors (Vavrina and Hochmuth, 1996) showed how using a sub-irrigation system increases fertilizer application precision to the plants by reducing water leaching during irrigation. In Italy the Flotation (FL) irrigation system has also been introduced. The FL is similar to the EF system, but the trays continuously float on a water bed or nutrient solution (Nicola, 1993; Pimpini and Enzo, 1997b; Thomas, 1993) . This production system presents relative low maintenance and labor costs and efficient use of water and greenhouse space (Galloway et al., 1996) .
Managing production of leafy vegetables includes to control plant nitrate content due to its indirect negative effects on human health. Nitrate is reduced in humans beings by salivary enzymes to nitrite (Duncan et al., 1997) , which can either block oxygen transport in the blood, causing methaemoglobinaemia in infants, or form N-nitrous compounds and Nnitrosatable compounds, which are considered to cause cancer (Walker, 1990) . Nitrate content in vegetables is regulated in the EU by Reg. 563/2002 for lettuce and spinach only, while for other vegetable products solely national limits are present in some EU countries. Rocket is classified among species with high nitrate content (>2500 mg kg -1 f.w.): it accumulates nitrate even when there is little nitrate availability in the culture medium (Graifenberg et al., 1993; Schuddeboom, 1993; Santamaria, 1997; Santamaria et al., 2002) . Regulations on rocket nitrate content thresholds should be foreseen and desirable.
Studies on irrigation systems should be considered in interaction with the N fertilization and its effect on root morpho-physiology, thus on whole plant growth. When fertigation is employed, careful management of fertilizer content is important since large amounts of fertilizers can be applied when irrigation demands are high. This is of particular concern especially when subirrigation is employed. In subirrigation, if too much fertilizer is being applied, there is no overhead irrigation to leach the salts. Excessive fertilization could lead to negative consequences, for the environment, since large amounts of mineral nutrients, particularly N both in the nutrient solution and in the growing medium, can lead to nitrogen pollution in the water table and in the air (Smith et al., 1990 ). This fact is even more evident in open soilless growing system, which is the growing system still widely used for vegetable production. Negative consequences are to be expected also with respect to the plant system: excessive fertilization can result in excessive N applied, and consequently taken up, leading to a low Nitrogen Use Efficiency or to nitrate accumulation in the leaves. Controlling and managing nutrient solution in the SCS according to plant environmental needs allows decreasing nitrate content in the edible part of the plant. SCS is an efficient system to manage the nitrogen fertilization that allowed a low nitrate content in the edible parts of corn salad, rocket and radishes. In 2003 a nitrate level below 2000 mg kg -1 f.w. was found in corn salad grown with 30 mmol L -1 N in the nutrient solution with a subirrigation system . The same authors in 2004 obtained a level of NO 3 below 350 mg kg -1 f.w. in the same species grown in SCS continuously fertigated with a nutrient solution of 10 mmol L -1 . In 2003 values <2500 mg kg -1 f.w. NO 3 were found in rocket salad grown in a SCS with Ebb-and-Flow irrigation system . A lower nitrate content in radishes grown with a SCS than in radishes grown with a traditional soil culture system was found in 2004 (Nicola et al., 2004a) .
SCS vs TCS has not yet been evaluated for rocket salad, thus the objective of the present research was to compare TCS and SCS to produce rocket for fresh-cut market of high quality in terms of production and low nitrate content.
MATERIALS AND METHODS
The experiment was conducted in 2002 at the Experimental Center of the University ) and a commercial mix of microelements (Micral® at 0.3 g L -1 ) with pH ranging 5.5-6.5 and regularly adjusted with H 2 SO 4 (1M). The nutrient solution had an electrical conductivity between 2000 and 2500 µS cm -1 and its average temperature was 12°C. The fertilization was stopped one week before harvesting by substituting the nutrient solution with water.
Two plant densities were used: 160 and 320 plant per tray leading to 1067 and 2134 plants/m 2 , respectively. Sowing took place on 20 Nov. 2002, with trays put in a germination chamber at 19°C for 4 days, then moved into the glasshouse. At harvest, on 29 Jan. 2003, yield of each tray was weighed and visually evaluated by an index (Quality Index), ranking 0, 25, 50, 75 to 100%, according to the increasing product marketable level; fresh weight and dry weight were measured, and dry matter was computed on a 20-g fresh sample. Yield quality was assessed by NO 3 -leaf content, measured by the Dionex® DX 500 ion chromatography system. Five-leaf samples were weighed and directly packaged in plastic boxes, closed with a pressure lid, and put into a cool chamber at 4°C to simulate postharvest shelf-life, weighed every 2 days to measure fresh weight loss.
The statistical design was a randomized complete block design with 2 culture systems (TCS and SCS) x 2 plant densities x 4 blocks. Data were submitted to the analysis of variance according to the factorial design. Postharvest fresh weight data were submitted to the analysis of variance of repeated measures with the Greenhouse-Geisser F-adjustments (Greenhouse and Geisser, 1959; Huynh and Feldt, 1970; Littell, 1989) .
RESULTS AND DISCUSSION
Fresh leaf production was significantly influenced by the interaction culture system x plant density (Table 1) . Rocket plants grown in SCS produced more than plants grown with TCS, confirming results of other authors (Incrocci et al, 2001; Ferrante et al., 2003) (Table 1) . The good water and mineral status of plants might be the reasons for the higher production obtained in SCS compared to TCS. The total water available for plants grown in SCS was higher than plants grown in TCS. For Cucurbita pepo it was also observed that the harvest index and water use efficiency were significantly higher in plants grown in soilless treatments than in soil (Colla et al., 2001 ). Using SCS gave greater leaf production in terms of fresh mass, more than four-fold than using TCS with both plant densities (Table 1) . Similar results were obtained in 2001 by Incrocci et al. on rocket and basil, whose yield was higher in SCS than in soil, two-fold in the winter and three-fold (rocket) to five-fold (basil) in the summer. Fontana et al. in 2004 obtained a two-fold increase in corn salad (Valerianella olitoria) fresh mass production using SCS instead of TCS. Doubling plant density allowed to obtain a greater leaf fresh weight increase (+29.6%) using the SCS than using the TCS (+22.5%) ( Table 1) .
Leaf dry weight and dry matter were significantly influenced by culture system, but neither by plant density nor by the factors' interaction (Table 1) . Rocket grown in TCS had 36.5% more of dry weight and 41.5% more of dry matter content than plants grown in SCS, respectively. The different systems applied to supply water to root systems may have influenced the morphology and the dry-matter partitioning of plants, according to findings of other authors (Leskovar, 1998; Nicola and Cantliffe, 1996b) . Plants growing in SCS took advantage of water and nutrient continuous supply producing more fresh mass than when growing in soil, and leaves turn out to be more aqueous.
Leaf nitrate content also was only significantly influenced by culture system (Table  1 ). The leaves of plants grown with TCS contained less nitrate (-37.9%) than those grown with SCS (Table 1) . With both culture systems it was much lower than 2500 mg kg -1 f.w., indicating that the nitrogen amount used in the nutrient solution is not only suitable to SCS, but it can be used to grow rocket in soil, from which in general growers obtain plants with high nitrates. We obtained very low nitrate content in plants grown in TCS (279 mg kg -1 f.w., table 1), even considering the growing season the experiments were effected, during winter time, when a high NO 3 -level in plants is expected due to the reduced activity of the nitrate reductase. Our results showed that optimizing the fertigation could lead to a reduced nitrate content, regardless of the growing system; however, consistent low nitrate content throughout growing seasons could be obtained only in SCS Nicola et al. 2003 Nicola et al. , 2004a Nicola et al. , 2004b . Moreover, a reduced NO 3 -level in plants grown in TCS was obtained in the present work facing low quality yield, as described later in the paper.
Nitrate accumulation was inversely correlated to the accumulation of organic compounds (r=-0.400*); a negative linear significant regression between dry matter and leaf nitrate content of the pooled data was found (P<0.023) (Fig. 1) . Other works have already showed for lettuce and corn salad that high nitrate concentration in leaves is related to a low dry matter (Blom-Zandstra, 1988; Fontana et al., 2004) , confirming that low N assimilation efficiency does exist in many species.
At harvest, plants grown with TCS had a low quality index and were not considered marketable, thus shelf-life was studied only for plants grown with SCS (data not shown). Loss of fresh weight and dry matter during shelf-life was not significantly affected by plant density. Fresh weight decreased of about 1.7% for all treatments from harvest to the end of the tested shelf-life (8 days). This result was confirmed by the quality index, which was around 100% and began to decrease after 8 days of shelf-life only.
In the present research SCS allowed to enhance earliness: in fact, SCS produced marketable and ready-to-eat rocket in 70 days, while TCS would have required an extended growing period to reach marketable yield. Rocket cultivation takes place nearby the experimental area and occurs in open field from February to September and in protected cultivation during fall-winter. Using the SCS in protected cultivation in the time when it is not possible to grow rocket in open field would allow to produce marketable rocket, to enhance earliness and to free the crop from soilborne diseases. The system enhances yield, controls leaf nitrate content, produces clean raw material for processing and assures long shelf-life; moreover takes advantage of a high plant investment per square meter without decreasing plant quality. 
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